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Abstract 

In a tachyon model proposed by Minaban and Zwiebach and derived in the 
boundary string field theory, we construct various new solutions which correspond 
to nontrivial brane configurations in string theory. Our solutions include Dp- 
D{p — 2) bound states, (F, Dp) bound states, string junctions, D(p — 2)-branes 
ending on a Dp-brane, D(p— 2)-branes suspended between parallel Dp-branes and 
their non-commutative generalizations. We find the BogomoPuyi bounds and the 
BPS equations for some of our solutions, and check the physical consistency of 
our solutions with the D-brane picture by looking at the distributions of their 
energies and RR-charges in space. We also give conjectures for a few other brane 
configurations. 
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1 Introduction 



FoUowing the Sen's conjectures [1, 2, 3], the tachyon condensation in string theory has been 
attracting considerable attention for recent a few years among many other developments 
in string/M theory. In particular the tachyon condensation in open string (field) theory 
provides us with an intriguing scenario [3] : all the string/brane physics could be reproduced 
via the tachyon condensation, starting with an unstable 9-brane system, either non-BPS 
D9-branes in type IIA or D9-antiD9 pairs in type IIB. Significant efforts along this line have 
been made in several approaches such as the cubic string ficld theory [4], the boundary string 
field theories (BSFT) [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] and the non-commutative tachyons 
[16, 17, 18, 19, 20], giving good amount of positive evidences for this fascinating scenario. 

Among others. Minaban and Zwiebach proposed the field theory models of the tachyon 
[21, 22, 23, 24]. For a tachyon model of an unstable D9-brane in type IIA, they provided the 
action [24], 



This model, even with the inclusión of appropriate fermion couplings, enjoys desirable prop- 
erties as an effective theory of a non-BPS D9-brane, such as the appearance of the lower 
dimensional D-branes as kinks or lumps with the linear profile of the tachyon field and of 
discrete spectra with an equal spacing for the fluctuations about the soliton solutions, which 
are all in favor of stringy behavior of D-branes. This result turned out not to be an accident, 
for the action (1.1) can actually be thought of as the two-derivative truncation of the action 
obtained from the BSFT for unstable D-branes [25, 26]*. 

Up to now only the flat D-branes are constructed as kinks or lumps in the tachyon models. 
So there remains the bulk of enterprises to explore the zoology of branc configurations as 
solitons in the tachyon models, such as the bound states of branes, i.e., brancs within branes, 
intersecting branes and branes ending on branes, etc., which is necessary to put forward the 
conjecture that all the branes can be made as kinks or lumps out of unstable D9-branes. 

In this paper we will make use of the action (1.1) and study the solutions, such as 

kinks, lumps and their generalizations, which correspond to various brane configurations in 

superstring theory. We found a variety of nontrivial BPS brane configurations, including 

(i) a D8-D6 bound state, (ii) a (F, D8) bound state, (ni) a string junction, (iv) D6-branes 

ending on a D8-brane, (v) a D6-brane suspended between two parallel D8-branes and (vi) 

their non-commutative generalizations. 

*Precisely speaking, therc could be an additional term, proportional to r^(9T)^, whosc cocfñcicnt dcpcnds 
on the renormalization scheme and a certain choice of which can give the correct tachyon mass at the level 
of the tree level action [14]. 
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The Solutions obtained in this paper are expected to persist in the inclusión of the higher 
derivative corrections computed in the BSFT, as our solutions are BPS. The tensions and 
the RR-charges of our solutions will be reproduced in exact agreement only when working 
on the fuU BSFT action. Indeed the analysis of the fuU-fledged BSFT action gives the exact 
results and will be presented in our forthcoming paper [27]. 



2 Brane Bound States and String Junctions 

We shall start by constructing a few simple solutions of the action (1.1)^ representing the 
branc bound statcs and string junctions [28, 29]. Before discussing these solutions, let us 
recall the basic property of a known solution which represents a flat D8-brane [11, 23]. The 
equations of motion for this system (1.1) are 

dlT +It(i- {d,Tf + = O, (2.3) 

a^(e(-^'/")F^.) = 0. (2.4) 

The solution for the flat D8-brane is given by 

T = gx9, = O, (2.5) 

where a constant q is fixed to be 1. Due to the form of the tachyon potcntial in the action 
(1.1), the kink solution is actually described by a linear tachyon profilc, sincc the potential 
minima are located at T = ±oo. The constant q would be infinite if we included the higher 
derivative corrections computed in the BSFT. In the derivation of the BSFT action, the 
tachyon profile is assumed to be a linear function, so the solution (2.5) is consistent with this 
fact. In this paper, we will often assume the intuition based on the fact that the constant 

tThe BSFT action in the two-derivative truncation (again up to a term remarked in the previous footnote) 
is given in [25, 26, 11, 12, 14], 

S = V2Tn9 j d^°x (l + 4na'^ log2{d^ff + n^a'^F^^) . (2.1) 

If we rescale the tachyon field and the field strength in an appropriate manner, the following identification 

a = 2a' log 2, T = v^Tog (2.2) 

gives the action (1.1). When comparing our results obtained in this paper with those in the BSFT, these 
tuned parametcrs (2.2) are to be adoptcd. Howcvcr the two derivative truncation employcd in this paper will 
not provide the correct valúes of energies and RR-charges expected from the well-known superstring results. 
We will see the exact agreement with the expected results, when taking into account the higher derivative 
corrections in our forthcoming paper [27]. 
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q is actually going to infinity when the higher derivative corrections are included as in the 
BSFT. 

Now the energy of the kink solution (2.5) is given by 

£^T jd\ e-^'/« (l + {d^Tf + ]^F¡^ ^rjd^x 2e-^'/" = 2V^Vnsr, (2.6) 

where V^s is the volume of a D8-brane. Therefore the energy density is locahzed at = O 
which represents the position of the kink. If the constant q gets larger and larger in the 
inclusión of the higher derivative corrections, the locahzation of the kink becomes sharper 
and sharper, and after all the gaussian distribution supphed by the tachyon potential is 
replaced by a delta-function . 

We can compute the Ramond-Ramond (RR) charge of the kink solution (2.5) by adopting 
the formula for the Chern-Simons (CS) term given-^ in [25, 26]: 

Scs = ^Tr I e-^'/"C A exp[aiF + a2DT], (2.7) 

where oi and 02 are constant numbers. Substituting the solution (2.5), one obtains the 
D8-brane charge 

Scs^'^jc-^AiTe--"^a.^Tl0'> (2.8) 
which is also localized on the position of the kink, as it should be. 



2.1 D8-D6 bound state 



If we allow a constant field strength on the parent unstable D9-brane, the constant field 
strength will be inherited onto the kink as well. This corresponds to the D8-brane containing 
lower dimensional branes on its worldvolume. These lower dimensional branes are smeared 
out so that the distribution of the charge is uniform on the D8-brane worldvolume. 

Lct US considcr this solution more concretely. When wc turn on the constant field strength 
Fjs, the equations of motion are satisfied by a linear profile for the tachyon T as 

T = + (2.9) 

This solution is regarded as a D8-D6 bound state. Actually the RR-charge is evaluated as 

Scs = / d'x e-^'/"CáíL456 A {F7sdX7 A dxs) A {dgT)dXg 

+^ I d'x e-^V"CSL345678 A {d,T)dx,. (2.10) 

gain wc havc rcscalcd the tachyon field and the gauge fields. Thus in comparison with the BSFT result, 
we have to choose ai = ^2 and a2 = y^Tr/log^. 
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Therefore the constant field strength indicates that the D6-brane charge uniformly dis- 
tributed over the 78 plañe, as can be seen from the first term. The second term is the 
D8-brane charge which coincides with that of the previous example. 

The energy of this bound state is evaluated as 

¿^D8D6 = \/l + -Pre ^D8- (2-11) 

This energy (2.11) gives the correct ratio between the bound state energy^ of a D8- and 
D6-branes and that of a D8-branc [30]. 

When we rotate the solution (2.9) in the 69 plañe with the angle tan^ = Fyg, we can 
obtain another expression for the D8-D6 bound state as 

F78 = const., T^xg + Frsxe. (2.12) 

This rotated form turns out to be useful for later use, when we study the non-commutative 
monopole in Sec. 4.3. 



2.2 (F, D8) bound state and string junction 

When we turn on an electric field instead of a magnetic field, we have an (F, D8) bound 
state [31, 32] solution: 

Fo6 = const., T = ^1 - FÍq xg. (2.13) 
The energy of this kink solution is calculated as 

%,D8) = / ^ ¿^D8, (2.14) 

V 1 ~ -^06 

where the front factor originates from the tachyon potential e"^^/" in the action after the 
integration over xg. The energy (2.14) is in agreement with the ordinary Born-Infeld analysis 
of the energy of this bound state: the Hamiltonian density of the Born-Infeld system of a 
BPS D8-brane with a constant electric field is given by 

n = C- U^Á^ = ^ ^ Hds, (2.15) 

where U'^ is the conjúgate momentum for the gauge fields, defined by — 5C/5A¡j_ as usual. 

§Evcn though wc are using the two-derivative truncation of the fuU BSFT action, the result (2.11) seems to 
incorpórate the Born-Infeld result of [30]. This might be due to the fact that the configuration we considered 
is supersymmetric. 
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Now we will proceed to the construction of a string junction [28, 29] in the tachyon 
model. Let us start with a string junction on a 2-dimensional plañe spanned by Xq and Xq, 
and take T-dualities along 1234578 directions. Then we arrive at the junction composed of 
a D8-brane, a (F, D8) bound state and the fundamental strings, instead of a Dl-brane, a 
(F, DI) bound state and the fundamental strings. Now we can utilize the D8-brane solution 
(2.13) as a component of the junction. Hereafter we will cali this T-dualized string junction 
simply as junction. 

To construct this junction solution in the tachyon model, it is useful to refer to the 
construction given in [28]. Assuming that a constant electric field Fqq is turned on only in 
the región xq > O , we have the solution (2.13) of the (F, D8) bound state in this región. 
Now in the other región xq < O, there is no electric field turned on, so we have only a puré 
D8-brane instead of a (F, D8) bound state. If we connect these two solutions at xq — O, we 
will have a junction formed at this point, as is similar to [28]. Due to the forcé balance at 
the junction point, the puré D8-brane in the región xq < O must be tilted relative to the (F, 
D8) bound state. Thus, in this región, we put the ansatz 

T = qiXg + q2XG (xe < 0). (2.16) 

Substituting this into the equations of motion, we obtain the constraint 

q¡ + q¡ = l. (2.17) 

Since two kink solutions (2.13) and (2.16) should be connected on a plañe Xe — O, we 
obtain qi = y'' 1 — Fqq and q2 = Fqq. (Another possibility q2 = —Fqq represents the opposite 
orientation of the junction.) 

Thcsc two kinks are localizcd around the curves determined by the equation T = O : One 
is on = O {xq > 0), and the other is on \Jl — FqqXq + FqqXq = O (xq < 0). It is easy to see 
that this is the same as the conñguration given in [28], if we rotate the whole configuration 
on 69 plañe by 9 where siní^ = Fqq. As claimed in [28], we have to assume the existence of 
the invisible fundamental strings stuck to the junction point. 

Note that to obtain the uniform electric field only in the half of the 69 plañe, we have to 
align positive electric charges on a plañe xq = O and negative charges on xq = +oo (assuming 
-^06 > 0). The electric fiux covers the entire half of the plañe, xq > 0. However the "effective" 
electric fiux is confined only on the surface ^1 — FqqXq + FqqXq = 0. This is because the 
exponential factor of the tachyon potential in front of the gauge kinetic term in the action 
(1.1) is very small outside this surface. Thus the fundamental strings can be found only on 
the (F, D8) bound state. We will make a comment on unseen fundamental strings in the 
discussion. 
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It is straightforward to generalize the above junction configuration to the case with 
múltiple D8-branes [33]. It is simply done by considering múltiple D9-branes from the 
beginning. Let us consider the junction, (0,2)-(p,— 1)-(— p,— 1), as an example. This can be 
obtained from two non-BPS D9-branes, and the solution is easily found as 

í ^T^ x.i (a;6>0) ^ ^{pa, (xe > 0) 

\./l^x^i + pa^ (a:6<0) ' °' \ O (xg < 0) 

To realize this configuration, we aligned electric chargcs on the planes Xq = Q and Xq = +oo 
appropriately for each of the component of the gauge fields. 



3 Branes Ending on Branes 

The branes ending on branes are one of the most interesting brane configurations. For 
instance, it is known that D6- branes can end on a D8-brane [34]. It is difñcult to construct 
such configurations in the supergravity, while neat solutions are available in the eífective 
gauge theories of BPS D-branes and they have been known as Blons [35, 36]. In this section 
we will look for a solution akin to Blons in the tachyon model (1.1). 

3.1 A spike (kinky-lump) solution 

An important feature of the kink solution (2.5) is that when a constant q becomes infinitely 
large in the inclusión of the higher derivative terms, the equation T — O exactly gives the 
location of D-branes sharply localized on this surface. Thus it is quite plausible to make the 
foUowing ansatz for the solution representing the branes ending on branes: 

r = g(x9-^), (3.1) 

whcrc q and s are constant paramctcrs, and r = \Jx1 + + x^. This is an cxact analogy 
of the Blon which is given by $ = s/r with $ being a scalar field on the D8-brane that 
represents the displacement of the D8-brane, as the equation T = O with the above ansatz 
(3.1) describes the same bending xg = s/r of the D8-brane as that for the Blon. Thus the 
above tachyon profile (3.1) gives a spike solution. The parameter s will remain a non-zero 
constant even in the inclusión of the higher derivative corrections, for it is observed that a 
constant s is not vanishing in the analysis of the Born-Infeld action and its higher derivative 
inclusions as in [35, 37]. 

Let US substituto the above ansatz (3.1) into the equations of motion (2.3) and (2.4). 
Noticing that {d^Ty = g^(l + s^/r^), one can easily see that the constant 1 in the parenthesis 
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of the tachyon equations of motion (2.3) is canceled ií q — 1. This is precisely analogous 
to the kink solution of a D8-brane (2.5). There is, however, another contribution (9jT)^ 
(i = 6, 7, 8), coming from a nontrivial deformation of the tachyon profile. This contribution 
is actually cancelled by turning on the gauge field strength as 



Here Bi is a magnetic field. This form of the magnetic field is the same as that of the Blon. 
The gauge equations of motion (2.4) are also satisfied, as the linear dependence on xg in the 
tachyon field is irrelevant to these equations and the contribution from the magneto-static 
potential 1/r is easily found to be cancelled by those from the magnetic fields on simple 
symmetry grounds. 

Henee we have obtained a nontrivial solution in the tachyon model (1.1), which represents 
a D6-brane (0123459) cnding on a D8-brane (012345678), in an exact analogy with the Blon. 

The tachyon solution (3.1) is very similar to the onc obtained in a supersymmetric sigma 
model with a hypcr-Káhler target spacc [38]. The authors of [38] constructed "kinky-lump" 
solution which describes branes ending on a brane. In their model the tachyon minima are 
placed in the finite distancc instead of the infinite distance as in our case. Henee the kink 
solution is described not by a linear function as qxg but by a hyperbolic tangent function. 
Also in [38], the branes are ending on a two dimensional space, instead of a three dimensional 
space in our case. Thus they have log |r| as a deformation of the tachyon profile, instead of 
1/r in our solution. 

3.2 The distribution of RR-charge 

To check the physical consistency of our solution, we will look at the RR-charge. Naively 
one might think that the distribution of the magnetic field (3.2) is somcwhat strange, for it 
has no dcpcndcncc on the Xg dircction in which wc cxpcct the D6-brancs are extended. If 
the D6-branes are ending on a D8-branc, the D6-brane charge should be distributed on a 
semi-infinite plañe xg > O and ^678 = 0. 

This can be explicitly checkcd by using the formula (2.7) for the CS term. Let us 
substitute our spike solution (3.1) and (3.2) into the CS term 




(3.2) 



-T- 



/"C(6) A (aia2dT AF + aldT A dT A dT) . 



(3.3) 
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The second term (dT)^ is vanishing, while the first term dT A F takes the form^ 



dT AF ^ q^dxQ A dxj A dxs- (3.4) 



Now the D6-brane charge can be read off from 
aia2T 



V2 

where we defined a smeared step function 



^^|- J d^x J dxg C¿i^3459 J dxgdxjdxs e q ^ 

OiOaT j ^g_^ j C^lls^^^ S{qx<¿/'sía), (3.5) 



S{x)^\{l + erí{x)), (3.6) 



and eií{x) is the error function defined as 

2 



erf(x) = rdue-''\ (3.7) 

VTT Jo 



Thus the CS couphng (3.5) imphes that the D6-brane charge is distributed only on the semi- 
infinite plañe > O (^678 = 0) , as we expected (here we have assumed s > O for simphcity) . 
The distribution of the D6-brane charge is sharpened when q gets larger and in the g — > oo 
hmit the smeared step function S{qxg/y/a) approaches to the step function 9{xg). 



3.3 The Bogomol'nyi bound 

Since the form of the action (1.1) itself is similar to the one of the ordinary Scalar-Maxwell 
theory except for the overall exponential factor, it is easy to guess the existence of the 
Bogomol'nyi bound in the tachyon model. Actually when we turn only on the tachyon and 
the magnetic fields in the Xgrs directions, the energy is nicely arranged into 

{1 - dgTf + {d,T - Bif 

+rVu345 I d^x 2e(-^'/«) [dgT + di{TB,)] . (3.8) 
Thus if the configuration satisfies the BPS equations 

99^=1, d,T = B, (i = 6, 7, 8), (3.9) 

^Here we have omitted the term proportional to dxg which will be vanishing after the integration over 
dxedxrdxs, assuming that the RR 7-form is independent of xe,X7 and xs- 



8 



the energy is bounded by the topological quantities: 

8 ^2y/Tw,TVi2Z45 j d^x S{T / ^/a) + 2^/TmTVi2Mb j dx^ j dSi{BiS{qx^/ y/a)^ 

= 2yfñaTVTis + 87rsv^^V'i2345 j dxg S{qxQ/s/a) . (3.10) 

The first term gives the standard kink charge which corresponds to the energy of the D8- 
brane" extended along xers in accord with (2.6). The second term is more intcrcsting. This 
provides the energy of the D6-brane extended along the xq axis and terminated at Xq — O, 
as can be seen from the smeared step function S given above. 

One may notice that the BPS bound (3.8) gives precisely the same expression as that 
of the RR-charges (3.3). This is similar to the case of the BPS D-branes in that the BPS 
bounds obtained from the Born-Infeld action is equal to the CS term for the RR-fields. This 
property is characteristic of the supersymmetric D-branes, implying the plausibility of the 
BPS bound we have found above. 

Before closing this section, we would like to make a comment on múltiple Blons. As 
long as the BPS equations (3.9) are satisfied, we can obtain the result similar to that we 
have found in this section. Thus, for example, it is possible to get a solution representing N 
D6-branes stuck to a D8-brane: 



N Ji) 

T^xg-J2 _-u)r Bi^diT. (3.11) 
1=1 1^ ^ I 



The parameters s*^*^ can be either positive or negative, depending on which the i-th D6-brane 
is clongated either to Xg = +oo or — cxo. The parameters x^*^ = ( s ) indicates the 

location where the i-th D6-brane is stuck to the D8-brane. The evaluation of the energy and 
the RR-charges gives the expected result. 



4 A Brane Suspended Between Two Parallel Branes 

As a generalization of the solution of the previous section, we will discuss a solution of a D6- 
brane suspended bctwccn two parallel D8-branes. This brane configuration is constructed 
as the 'tHooft-Polyakov monopole in SU {2) Yang-Mills-Higgs thcory [39, 40]. 

"The first term becomes subtle at the singular point r = 0. We cannot define the energy there, since the 
D8-brane surface is placed at the infinity. 
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4.1 An explicit solution 



To obtain two parallel D8-branes, we have to prepare at least two non-BPS D9-branes. In 
this section we will consider only two D9-branes. Each BPS D8-brane is given by a kink on 
each D9-brane via the tachyon condensation with the linear tachyon profile. We employ the 
foUowing non-Abelian action with the adjoint tachyon and the gauge fields 

5 = T Str I d'^xe-^'/'' (^í + {D^T){D^T) + ^F^.F'^") , (4.1) 

where Str denotes the symmetrized trace in that we symmetrize the U{2) matrices with 
respect to (in e~^^/"), -D^T" and F^^. We adopt the standard normahzation for the 
generators of the gauge group U{2), whereas the 2x2 unit matrix I is not normahzed in 
that way. This action (4.1) can be thought of as the two derivative truncation of the action 
of múltiple non-BPS D9-branes computed in the BSFT [25, 26] up to the ordering ambiguity. 



The equations of motion derived from the above action are 



= O, (4.2) 



# = E K {^-^'^""F^") + [T, e-^'/^D^T]] = 0. (4.3) 

Here J^^r denotes the symmetrization of U (2) matrices according to the above prescription 
of Str. 

Now let US look for a solution of these equations. Due to the symmetrization, it is possible 
to find out a solution which is a precise analogue of the one of branes ending on a brane 
previously discussed: 

W(r) 1 

T^Xgí+ A = (4.4) 

where a, i and j run from 6 to 8, and cra-5's are sigma matrices. The adjoint scalar field $ 
is given by 

F(r) 1 

$ = x„^^a„_5. (4.5) 
r 2 

The scalar field $ and the gauge fields in fact take the form of the Prasad-Sommerfield 
limit of the t'Hooft-Polyakov monopole solution. 

Note that accordingly the solution satisfies the original Bogomol'nyi equation S¿ + í)j$ = 0. 
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4.2 The energy from the Bogomol'nyi bound 



Due to the symmetrized trace prescription, the Bogomol'nyi bound argument goes in almost 
the same manner as the Abehan case in the previous section. The energy is reorganized as 

E = r Str y d^xe-^^^l" (I + (^gT) {d^T) + {D{I) {D.T) + 

= r Str y d^xe-^^l" ((I - d<¡Tf + 299^ + {D{r + B^f - 2{DíTBí)) . (4.7) 

Strictly speaking, this is not rcally the bound, for the quantities (¡ — dgT^ and {DíT + BíY 
are not quite the perfect square. The exponential factor of the tachyon could possibly be 
appearing inside the perfect square, due to the symmetrized trace prescription. In another 
word, only if the two quantities 

1-99^, DiT + Bi (4.8) 

were commutating with the tachyon T, the above expression (4.7) would give the energy 
bound. Our solution actually satisfies the BPS equations, which mcans nothing but the 
vanishing of the above two quantities (4.8). Thus eq. (4.7) indeed provides the bound of the 
energy. 

Let US evalúate the energy from this expression (4.7). For our solution, the energy is 
given by the topological quantities and we have 

£ = r Str [2^/^ j d^x i [^ÍT / ^Ja)\'^^__- 2^7^ j d^x j dxg dSi [^(T/Va)^]), (4.9) 

where, for this expression to be well-defined, we defined the error function by its Taylor 
expansión around the origin. The first term of eq. (4.9) gives the energy of two parallel 
D8-branes, due to the trace of the unit matrix 1 Here the tachyon field is dominated by 
T ~ xqÍ, thus the step function of the matrix argument T reduces to the ordinary Abelian 
step function. 

The evaluation of the second term of eq. (4.9) is non-trivial, as it should correspond to 
the energy of a D6-brane which is not simply spread over the entire space but suspended 
between two parallel D8-branes along the Xg axis, as we will see below. To compute this 
term, let us diagonalize the scalar field $ by using the gauge symmetry so that 

(4.10) 

where we have already expanded the function F{r) around r ~ oo and neglect the higher 
order terms which is dumping exponentially in r. This diagonal form (4.10) of the tachyon 
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indicates that two parallel D8-branes are located at xg — ±C/2. At this gauge the magnetic 
field at r ~ oo also becomes diagonal: 

Bir^-l^as. (4.11) 
Therefore we can evalúate the energy explicitly as 

= 47rV^yi2345T y dxg [S [{xg + C/2)/v^) - S [{xg - C/2)/^)). (4.12) 



' O S{{xg-C/2)/^) ' 



The step function properly accounts that the energy density of a D6-brane is localized only 
on the hne segment — C/2 < xg < C/2. Thus this is consistent with the proposed D-brane 
configuration. 

The RR-charge of this solution can be evaluated by using the formula (2.7) for the CS 
term. One ends up with an appropriate distribution of the RR-charges. In particular we 
can manifestly see the D6-brane charge localized on the line segment on the xg axis. As 
discussed in Sec. 3.3, the CS term in this case again turns out to be the same as the BPS 
bound energy, though up to the ordering ambiguity. 



4.3 Non-commutative monopole 

The non-commutativity on the worldvolume of D-branes are equivalent to turning on the 
background NS-NS 6-field [41]. This constant í>-field can be thought of as a constant magnetic 
field on the D-brane, so this leads us to the brane bound states in Sec. 2. Therefore, in terms 
of the brane configuration, the non-commutative monopole can be interpreted as a D6-brane 
ending on a D8-D6 bound state [42]. Since we have already studied the D6-brane ending on 
a D8- brane as well as a D8-D6 bound state, as in (3.1) and (3.2) and in (2.9) respectively, it 
is very easy to combine these solutions together. For the U{1) non-commutative monopole 
[43, 43, 44], the corresponding solution is 

s sx ■ 

T = xg-- + b7sxe, Bi = -^ + h^5i^, (4.13) 

where h is the background b-field. AU the analysis of the energy and the Bogomol'nyi 
bound are going well, reproducing the expected results of the energy of the non-commutative 
monopole. Also the generahzation to the C/(2) non-commutative monopole [42, 45, 46, 47] 
is trivial. 
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5 Conclusions, Discussions and Future Directions 



Let US summarize our results. We obtained various brane configurations as classical solutions 
of the tachyon model (1.1) of Minahan and Zwiebach, which include (i) a D8-D6 bound state, 
(ü) a (F, D8) bound state, (üi) a string junction, (iv) D6-branes ending on a D8-brane, (v) 
a D6-brane suspended between two parallel D8-branes and (vi) their non-commutative gen- 
eralizations. We computed the energies and the RR-charges of our solutions, and found that 
they showed appropriate distributions in space which was cxpcctcd from the corresponding 
D-brane pictures. Also we found that the solutions (iv), (v) and (vi) satisfy the BPS equa- 
tions, saturating the energy bounds. Thcrc is a trivial generalization of our results (i) - (vi) 
to the lower dimensional case, though by starting with the lower dimensional analogue of 
the tachyon model (1.1). 

We have not checked whether the energies and the RR-charges of our solutions precisely 
match the ones in string theories, though we have found their distributions to be in nice 
agreements with the expected results. However it is anticipated that the energies and the RR- 
charges will have the correct valúes only when we include the higher-derivative corrections to 
the action (1.1). We expect that the qualitative forms of our solutions will not be modified 
by the inclusión of the higher derivative corrections, as our solutions are supposed to preserve 
some fractions of supersymmetries in the spacetime**. In our forthcoming paper [27], we will 
study the higher derivative eífects by making use of the BSFT action explicitly. We will find 
the perfect agreement of the energies and the RR-charges with the expected string theory 
results. Furthermore, we are going to find more variety of solutions such as a Dj9-D(j9 — 4) 
bound state [49], (F, D(p — 2)) bound states ending on Dp-brane and a dielectric branes 
[50, 51]. 

There are many other interesting brane configurations, other than those considered in 
this paper. We will make brief comments on some of them. 

• Nahm construction of a D8- brane from múltiple D6-branes [39] . 

To obtain a D6-brane in the tachyon model, we have to prepare at least two D9- 
branes. The D6- brane solution is given by the ABS construction [11] as T = qUi^^Xi 
{i — 6,7,8). As in [28], we know that the D8- brane on which D6-branes are ending 
can be realized as a solution of the Nahm equation (which was shown to be a BPS 
equation on the effective theory of D6-branes) 

dg(!>i = eyfc$j$fe, (5.1) 

**It might be interesting to investígate how we can see supersymmetries explicitly in the tachyonic field 
theory, as analyzed in [48]. 
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where $i are the adjoint scalars on the D6-branes. A solution for the SU{2) case is 
given by $j = —ai/xg. We need at least two D6-branes to have a non-trivial solution 
of the Nahm equation (5.1), as is obvious. It in turn means that we must have at 
least four unstable D9-branes. It is conceivable to think of the adjoint scalar $i as 
the deformation of the tachyon profile, as we have done in our construction of branes 
ending on branes. Now we have a conjecture for the tachyon profile as 

T = q{aiXi ® I — cr¿ ® $¿) = q{cFiXi ® I + cXj ® ai/xg), (5.2) 

where the gauge field will not be necessary. 

Two D6- branes intersecting with each other, sharing 4+1 dimensional worldvolume. 
This configuration requires at least two D9-branes. Our conjecture for the solution is 



aiixe- s 2^ 2 ) +<^2{xt + g 2 ) + ^s^^s 
\ X4 + x^J \ x^ + x^J 



(5.3) 



Two D6-branes are oriented along the 45 and 67 planes respectively, while sharing the 
spacetime along 01239. Our conjecture is based on the foUowing argument: Lct us first 
prepare a single D6-brane as T = qui-^Xi. Then the fluctuation about this tachyon 
profile can be taken into account as T = qai_^{xi — $¿). The other D6-brane will be 
realized by turning on the adjoint scalars with 

$6 + í^7 = (5.4) 

This is consistent with the supersymmetric (=holomorphic) membrane embedding in 
the spacetime, 

zw — s (5-5) 

where z = Xq-\- ix^ and w = X4 + ix^. 



The final remark is concerning the fundamental strings in the closed string vacuum, which 
was discussed in rcferences [52, 53, 54]. In Sec. 2.2, we studied the string junction in which 
the fundamental string should have bccn appearing as a componcnt of the three-pronged 
string, though we could not find the confined flux in our solution. In addition we have to 
note that it seems impossible to construct the fundamental strings ending on a D8-brane, 
originally studied in [35], in our tachyon model, though one might think we could do so 
similarly to the construction of D6-branes ending on a D8-brane in Sec. 3. This might be 
related to the fact that the fundamental strings cannot be seen easily in our model. We will 
be faced with the same difficulty also in the case of the (F, D6) bound state ending on a 
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D8-brane or suspended between two parallel D8-branes. These are simply dyonic Blons [36], 
but it seems hard to construct these configurations in our tachyon model. 

We leave these issues for the future work. 
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